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Ion gettering effect has been observed in high-temperature superconducting YBa2Cu3O7 material.
Silicon ions were implanted into the material and subsequent high-temperature annealing produced
ion movement from a low concentration region to a higher concentration region where the damage
of the crystal structure is severe. This gettering effect could be used to make a
superconductor-nonsuperconductor-superconductor trilayer structure within a single YBCO film.
© 1996 American Institute of Physics. @S0003-6951~96!04837-1#In semiconductor technology gettering is a procedure
where defects are intentionally produced at some distance
from active layers, and unwanted mobile ion impurities
move from the active space-charge region to this damaged
area by a subsequent heat treatment. These intentional de-
fects are preferentially on the back surface of the wafer or
are spaced far away from the active region. Stable complexes
can be formed with the vacancies or defects.1 Upon forming
oxide precipitates (SiOx , with x;2!, prismatic dislocations
are generated in the Si matrix, which can ‘‘getter’’ metallic
impurities.2 The use of ion implantation to produce the nec-
essary defect density was described first by Buck et al.3 and
Seidel and Meek.4 Both groups used high-energy He1 ion
irradiation, ranging from 1.75 to 2 MeV, to produce ion-
damaged surface layers on silicon wafers and subsequent
high-temperature annealing gettered unwanted electrically
active impurities in silicon. Lecrosnier5 also reported getter-
ing by ion implantation in III–V compounds and claimed
that there are several different trapping regions inside mate-
rials after ion implantation.
In the high-temperature superconducting ~HTS! oxide
materials, such as YBa2Cu3O7, no reports on ion gettering
effect have been presented. In this letter we present, for the
first time, evidence for ion gettering in HTS oxide materials
by ion implantation. We show that the gettered silicon ions
form an insulating layer within the thickness of a YBCO
film. Such a layer separates the surface layer and the layer
near the substrate, creating a superconductor-
nonsuperconductor-superconductor ~SNS! trilayer structure.
The HTS films used were c-axis oriented YBCO films
sputtered on LaAl2O3~100! substrates. The films were typi-
cally 2000 Å thick and had critical temperature ~Tc! about 85
K and critical current ~Jc! greater than 13106 A/cm2 at 77
K. The YBCO films were implanted with silicon ions using
an Eaton’s 3206 ion implantor at an energy of 100 keV and
a dose of 131016/cm2. After ion implantation, the YBCO
films were annealed in oxygen at several different tempera-
tures ranging from 650 to 1050 °C in 30 min. The pressure in
the furnace was maintained slightly above atmospheric pres-
sure. The samples were characterized by secondary-ion mass
spectroscopy ~SIMS! depth profile for ion distribution and byAppl. Phys. Lett. 69 (11), 9 September 1996 0003-6951/96/69(11
Downloaded¬02¬Sep¬2008¬to¬147.8.17.63.¬Redistribution¬subjesusceptibility measurement for superconducting depth de-
pendence.
Figure 1 shows SIMS depth profiles for silicon ion-
implanted YBCO films with different post-annealing tem-
peratures from 650 to 1050 °C using a quartz furnace with
oxygen flowing. The SIMS analysis was performed with a
PHI-6600 quadrupole mass spectrometer using cesium as the
primary bombardment ion. Figure 1~a! is the silicon profile
in the YBCO film after 650 °C annealing. The silicon ions
are distributed over almost the entire film thickness with a
peak at 0.1 mm in depth. This profile is very similar to the
one from an as-implanted film without annealing. As the
FIG. 1. Secondary-ion mass spectroscopy ~SIMS! analysis for YBCO
samples annealed at different temperatures. ~a! 650 °C, ~b! 750 °C, ~c!
850 °C, ~d! 950 °C, ~e! 1050 °C.1629)/1629/2/$10.00 © 1996 American Institute of Physics
ct¬to¬AIP¬license¬or¬copyright;¬see¬http://apl.aip.org/apl/copyright.jsp
annealing temperature increases, the ions move in an oppo-
site direction of diffusion from low concentration region to-
ward the peak concentration region. At an annealing tem-
perature of 750 °C shown in Fig. 1~b!, the silicon ions begin
to getter towards the peak of the silicon concentration and
the silicon profile narrows. The gettering process continues
as the annealing temperature is increased and reaches the
maximum gettering at 850 °C as in Fig. 1~c!. At this tem-
perature, the silicon ions are confined to a narrowband of
film depth. The thickness of the band is about one-third of
the film thickness. This band creates a SNS sandwich struc-
ture with two superconductor layers one near the surface and
the other near the substrate. Further increases in the anneal-
ing temperature above 950 °C cause the ions to outdiffuse
and intermix with the YBCO film. A uniformly intermixed
silicon-YBCO film was obtained at 1050 °C. This phenom-
enon can be explained in terms of a damage-related gettering
effect. In the ion implantation process, the damage profile in
the target is very similar to the implant depth profile which
means that the crystal structure of the film is most severely
damaged at the peak of the ion implant. The implanted ions
lose most of their kinetic energy in this region and the
nuclear stopping power cross section is maximum causing
the most crystal damage. Above a certain threshold dose of
implanted ions, the ions in less damaged area are attracted to
the more damaged area of the films.
Figure 2 shows the susceptibility measurement of YBCO
samples using a Quantum Design’s magnetometer. ~a! is a
pure YBCO film which shows a critical temperature (Tc) of
86 K. ~b! is the magnetic moment of as-implanted sample
showing the suppressed Tc of 72 K. After 650 °C annealing
in oxygen ~c!, the Tc of the sample is further suppressed
below 70 K. This indicates that the region between im-
planted silicon ions and oxygen in the material is enhanced
and silicon ions take more oxygen from the YBCO stochi-
ometry to form a stable SiOx .6 After 750 °C annealing ~d!,
however, the magnetic moment curve moves back and Tc
increases to 81 K. After further increase of annealing tem-
perature to 850 °C ~e!, the Tc reaches 82 K. This regaining of
FIG. 2. Magnetic moment measurement of YBCO samples annealed at dif-
ferent temperatures. ~a! unimplanted, ~b! as-implanted, ~c! 650 °C,
~d! 750 °C, ~e! 850 °C, ~f! 950 °C.1630 Appl. Phys. Lett., Vol. 69, No. 11, 9 September 1996
Downloaded¬02¬Sep¬2008¬to¬147.8.17.63.¬Redistribution¬subjdiamagnetism indicates that superconductivity occurs in the
layers above and below the ion gettered layer, as a result of
ion getting effects as shown by SIMS data. After 950 °C
annealing ~f!, superconductivity is completely gone.
Ion implantation has been one of the most powerful tools
for impurity doping in semiconductor material. In HTS ma-
terials, ion implantation has been applied to modify the su-
perconducting properties,6 damage the crystals of the
materials,7 and to inhibit the conductivity.8,9 Clark et al.7
successfully used ion implantation in HTS thin films to alter
the crystal properties of the YBCO. They used high-energy
oxygen or arsenic beams in the energy range of 0.25–2.3
MeV to physically damage the materials. In our previous
work,8,9 we used reactive ions to inhibit the conductivity of
the film and applied it to the device patterning.10 He et al.11
also used this reactive ion implantation ~RII! method to make
a pattern for their bolometer application.
One of the key issues for device patterning in HTS ma-
terials is developing useful multilayer structures since they
can provide great flexibility in designing integrated high per-
formance devices such as superconducting quantum interfer-
ence devices ~SQUID!. The ion gettering effect observed in
this study can lead to a trilayer superconductor-
nonsuperconductor-superconductor ~SNS! structure which
may be utilized for multilayer HTS devices. Detailed study
on the properties of these layers is in progress.
In conclusion, we have observed ion gettering effect in
YBCO films after silicon implantation. The defect related
gettering effect seems to be the main reason of this phenom-
enon. This effect results in the creation of SNS trilayer struc-
ture within a single film.
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